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Device and a Process for the Isolation 


of Nucleic Acids 

a - - 

This invention is directed to a process for the 
isolation and purification of nucleic acids such as plas- 
mid or genomic DNA from cells or other sources and to a 
device for operating the process according to the preamble 
of Claim 16, 

In the preparation of nucleic acids, the cells 
have to be digested first by using enzymes such as, for 
instance, proteinase K and lysozyme, detergents such as 
SDS, Bri j , Triton-X-100 , Tween 20, and DOC, and chemicals 
such as sodium hydroxide, guanidine hydrochloride and 
guanidine isothiocyanate . The experimenter is confronted 
with the problem to remove cell debris prior to purifica- 
tion of the nucleic acids and then to isolate the nucleic 
acids or nucleic acid fractions from the cell lysate. 
Furthermore, when preparing plasmid DNA or genomic DNA, 
detergents frequently used such as SDS (sodium dodecyl- 

sulfate) must be removed. In most of the cases when using 

. . pete* &s.*«m 

SDS, this is effected by^ precipitation with ■^a.le^uia- 

■aooitrfe* since the SDs ^triomm salt is sparingly soluble. 
Then, the cell debris is centrifuged together with the 
precipitated SDS. As the components in the lysate produce 
an exceedingly voluminous and sludgy, gel-like pellet, 
removal of said debris is difficult even in a high-speed 
centrifuge. Conventionally, cell debris removal is effect- 
ed by centrif ugation between from 5,000 g to 20,000 g for 
15 to 60 minutes. This procedure suffers from the drawback 
that it requires a very high input of time and work and 
cannot be automatized. 
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The DE-A-36 39 949 describes a process for the 
isolation and purification of long-chain nucleic acids 
from other substances from bacteria, viruses, animal and 
plant tissue and cells, as well as body fluids, in partic- 
ular, cell ingredients and/or their degradation products, 
as well as components of body fluids which are not long- 
chain nucleic acids. Here, the long-chain nucleic acids, 
subsequent to mild digestion and removal of cell debris 
and other undissolved components are fixated to an anion 
exchanger while the substances to be separated are washed 
off. Thereafter, the fixated nucleic acids are removed 
from the matrix by using a buffer of high ionic strength. 

From DE-A 37 17 211, there is known a process for 
the separation and purification of biopolymers such as 
nucleic acids, wherein the nucleic acids are adsorbed in 
a matrix arranged in a special device. Here, the buffer 
conditions are adjusted such that the nucleic acids are 
adsorbed predominantly, while interfering substances such 
as proteins, low molecular weight substances or cell 
debris as well are not bound. 

In "Isolierung, Fraktionierung und Hybridisierung 
von Nukleinsaure , eine Einfiihrung und methodische Anlei- 
tung", edited by Ulrich Wobis, Verlag Chemie, 1980, there 
are described methods for the isolation of nucleic acids. 
Therefrom, it follows that high molecular weight ribo- 
nucleic acids are insoluble in salt solutions of > 1.5 M 
sodium chloride and undergo precipitation. However, such 
precipitation is not regarded as efficient, so that in 
this monograph, multiple repetitions of the precipitation 
steps using high salt concentrations are recommended. 

Efficient separation of both DNA restriction frag- 
ments and amplified products of the polymerase chain reac- 
tion is described in J . Chromatogr . , 1990, 512, 433-444. As 
the chromatographic material, an ionic exchanger DEAD NPR 
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material having non-porous particles 2.5 in size is 

used . 

Nucleic acids from yeasts have been separated 
according to Biochemistry 1972, 4848 on poly-L-lysine- 
coated kieselguhr. Likewise, mitochondrial DNA has been 
separated on such chromatographic materials. 

In Chromatographia, 1984, 19, 236-9, the use of 
multidimensional chromatography for isolating synthetic 
oligodeoxyribonucleotides on a preparative scale is de- 
scribed. Here, in a first step, a size exclusion chroma- 
tography on Sephadex G-15 is conducted, followed by size 
exclusion chromatography using an HPLC ion exchanger col- 
umn (Partisil-10 SAX) . This is followed by hydrophobic 
chromatography using HPLC (Nucleosil C18) . 

J.Biochem. 94, 163-169 (1983) reports on suitabil- 
ity of hydrophobic-coated glass particles for conducting 
adsorption-chromatographic purification of nucleic acids. 

A disadvantage in this substitute prior art is the 
fact that a centrif ugation step for removing cell frag- 
ments and undissolved components from the cell lysate is 
necessary. Another problem is that due to elution in buff- 
ers of high ionic strength, the nucleic acids must be 
recovered from salts present in high concentration and at 
the same time, must be concentrated. By far in most of the 
cases, further process operations with the thus obtained 
nucleic acids is possible only at buffer conditions of 
lower ionic strength. Removal of salts dissolved in the 
buffer at high concentration may also be effected by dia- 
lysis, but this gives rise to significant degradation of 
the nucleic acids in the corresponding samples. Following 
dialysis, the desalted nucleic acid must be concentrated 
by f reeze-drying . Another way of concentration is effected 
by precipitating the nucleic acid with ethanol, isopropa- 
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nol, poly (ethylene glycol) (PEG) . The nucleic acids are 
insoluble in this system and are precipitated. However, 
the precipitated nucleic acids must be pelletized by a 
centrif ugation step. The nucleic acid pellet is briefly 
dried and subsequently, dissolved in a low volume buffer 
of exceedingly low salt concentration to obtain a concen- 
trated salt-free nucleic acid sample. By using such cen- 
trif ugation and precipitation processes, simple and quick 
recovering of nucleic acids is not possible, and automati- 
zation is only difficult to achieve. On the other hand, 
there is an increasing demand in simple and automatic 
processes for preparing nucleic acids due to the advance- 
ment of molecular biology in clinical diagnostics and the 
human genome sequencing where in each case, large amounts 
of samples must be processed. 

The technical problem which the invention is based 
upon is to provide a process enabling to isolate and puri- 
fy nucleic acids without the requirement of a centrifuga- 
tion step to remove cell fragments or undissolved compo- 
nents of the cell lysate and without obtaining the nucleic 
acids in buffer systems having high salt concentrations 
where the nucleic acids require a subsequent desalting and 
concentrating step. Virtually, the process to be provided 
is to deliver the nucleic acids in a condition permitting 
direct further processing. Another important aspect of the 
technical problem mentioned is to create a device enabling 
to operate the process in a particularly advantageous 
fashion . 

The technical problem which the invention is based 
upon is solved in a surprisingly simple manner by a pro- 
cess characterized by the features of claims 1, 34 and 36. 
The subsequent process claims are directed to preferred 
embodiments of the process according to the invention. 
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A device enabling to operate the process of the 
invention in a particularly advantageous fashion is char- 
acterized by the features of claims 16, 35 and 37. The 
subclaims referring thereto are directed to further pre- 
ferred embodiments of the device according to the inven- 
tion. 

Initially, the cells from which the nucleic acid 
is to be isolated are digested in the usual manner, and 
cell debris is removed. This may be accomplished by fil- 
tration or centrifugation. Preferably, recovery is effect- 
ed by filtration on a filter layer which is made up in 
steps or asymmetrically- The filtrate containing the 
nucleic acids may be treated with anion exchangers immedi- 
ately. As the anion exchanger, a commercially available 
material may be selected which permits bonding of the 
nucleic acid to be isolated, under the respective condi- 
tions of preparation. Preferably, the anion exchangers are 
surface-modified supports made of a matrix, preferably 
consisting of agarose, dextran, cellulose, acrylic amide, 
poly(vinyl alcohol), polystyrene, glass, aluminum oxide, 
titanium dioxide, zirconium dioxide, or silica gel, such 
as, e.g., DEAE Sepharose®, Q Sepharose®, DEAE Sephadex®, 
DEAE Toyopearl®, Amberlite®, Nukleogen®, Qiagen®. The 
anion exchangers may be porous support materials having a 
high capacity internal surface suitable for interaction, 
or may be non-porous support materials which undergo 
interaction with the mixture to be separated on the outer 
surface only. It is particularly preferred when the anion 
exchanger is a material on the basis of silica gel, which 
has a particle size of from 1 to 250 jnn, preferably from 
10 to 50 /xm, and particularly preferred from 15 to 25 fim, 
and a pore diameter of from 1 to 2,500 nm, preferably from 
10 to 500 nm, particularly preferred from 100 to 400 nm. 
In particular, proven to be an anion exchanger material 
has a material having high surface charge and high binding 
capacity for nucleic acids. Preferably, silica gel modifi- 
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cation is effected by silanizing the support material as 
is disclosed, for instance, in EP-A 83 901 065, DE-A- 
39 35 098 and US-A-5 , 057 , 426 . In the EP-A 83 901 065, for 
example , 7-glycidy loxypropy ltr imethoxysilane and N , N-di- 
methylaminoethanol are used to modify the support materi- 
al. 

Adsorption of the nucleic acids is effected under 
conditions as are typically present at low salt concentra- 
tions. Preferably, these are lower salt concentrations 
than those enabling the nucleic acids to be eluted from 
the column. Here, depending on ion exchanger materials and 
pH values used, the salt concentration may be from 0.2 5 to 
1.5 M. 

Adsorption of the nucleic acids to the anion ex- 
changer material may be followed by at least one washing 
step using a buffer of low ionic strength. 

Here, preferably, the ion exchanger material is 
placed in a predominantly cylindrical hollow body of a 
column. Then, the column is washed with a salt solution 
having an ionic strength as high as possible, without the 
nucleic acids being eluted. Thereby, low molecular weight 
and weakly charged impurities and proteins are washed off. 

In order to avoid unnecessary losses in yield, it 
may be advantageous to effect conditioning of the respec- 
tive adsorptive materials between the adsorption step and 
the elution step or as the last washing step by realizing 
an ionic strength as high as possible, particularly in 
that area where subsequently, adsorption of the nucleic 
acid under high salt conditions is to be effected. In 
particular, to this end, a solution for equilibrating and 
conditioning may be used, corresponding to an ionic 
strength of about 1.5 M sodium perchlorate at a pH of 
approximately 5. 
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Correspondingly, the material for binding the 
nucleic acids under conditions of high ionic strength is 
placed in a separate, predominantly cylindrical hollow 
body. The nucleic acid fraction desorbed from the ion 
exchanger material and being in the high salt fraction is 
placed into the cartridge or the column containing the 
material adsorbing nucleic acids under high salt condi- 
tions. In a preferred embodiment, each device is adjusted 
to the corresponding adsorptive materials in such way that 
the container with anion exchanger may be arranged on top 
of the container with material adsorbing nucleic acids 
under high salt conditions. 

In particular, conditioning of the material capa- 
ble of adsorbing the nucleic acids at high ionic strength 
is easily possible with such a way of proceeding. Condi- 
tioning may already be effected by pretreating the materi- 
al capable of binding the nucleic acids at high ionic 
strength with correspondingly highly concentrated salt 
solutions. However, it is also possible to use appropri- 
ately pretreated material, for example, by initially 
treating the material adsorbing nucleic acids with salt 
solutions of high ionic strength, so that very high salt 
concentrations result in the material adsorbing nucleic 
acids under high ionic strength immediately when an 
aqueous solution is contacted therewith. Conditioning is 
advantageous due to the fact that the first volumes sepa- 
rating from the material by elution of the nucleic acids 
from the anion exchanger possibly have a salt concentra- 
tion still too low to adsorb sufficiently strong to the 
following material. Now, if a relatively dilute elution 
droplet gets in contact with thus conditioned material 
capable of bonding the nucleic acids under conditions of 
high ionic strength, a high salt concentration results 
immediately, and the nucleic acids will be adsorbed to 
this material. 
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Thereafter, the nucleic acid may be desorbed from 
the anion exchanger material using a buffer of high ionic 
strength in order to be bonded to a mineral support imme- 
diately in the elution buffer of high ionic strength. In 
the presence of chaotropic salts such as sodium iodide and 
sodium perchlorate, nucleic acids may be bound to finely 
ground glass or silica gel, if the fine glass or silica 
gel suspension is added to the nucleic acids and incuba- 
tion is effected for a prolonged period of time, in order 
to enable bonding of the nucleic acid to the silica gel 
(B. Vogelstein and D. Gillespie, 1979, Proc.Nat. 
Acad.Sci., U.S.A., 76, 615-19; Preparative and Analytical 
Purification of DNA from Agarose; R. Yang, J. Lis and 
B. Wu, 1979, Elution of DNA from Agarose after Gel Elec- 
trophoresis, Methods Enzymol. 65, 176-182; M.A. Marko, 
R. Chipperfield and H.C. Birnboim, 1982, A Procedure for 
the Large Scale Isolation of Highly Purified Plasmid DNA 
Using Alkaline Extraction and Binding to Glass Powder, 
Anal.Biochem. 121, 382-387) . 

Surprisingly, adsorption of the nucleic acids to 
mineral supports may also be effected by adding lower 
alcohols to the sample. Preferably, methanol, ethanol, 
propanol, isopropanol, and butanol are possible. The pre- 
ferred ranges of quantity, in which the alcohols are added 
to the sample, are 1-50% (v/v) as far as they are soluble 
in water within these ranges at all. Furthermore, adsorp- 
tion of the nucleic acids may be achieved by using 
poly (ethylene glycols) . Usable ethylene glycols have 
molecular weights of from 1,000 to 100,000, particularly 
from 6,000 to 8 , 000 . Addition of poly ( ethylene glycol) may 
range from 1-30% of sample. 

Surprisingly, the process according to the inven- 
tion shows that nucleic acids are also efficiently ad- 
sorbed when passing very thin layers of glass or silica 
gel, although the residence time is only 1-30 s. Similar- 
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ly, it is found that binding occurs in high concentrations 
of sodium chloride and lithium chloride and that chao- 
tropic salts are not necessary- In addition, a combination 
of anion exchanger and silica gel has not been described 
so far, wherein the anion exchanger serves to purify the 
nucleic acid, and while at concentrations of from 0.25 to 
1.5 M of salt, impurities such as metabolites, proteins 
and in part, RNA, and polysaccharides are removed, these 
are not capable of adsorbing to the downstream silica gel 
layer under the conditions given, and the silica gel layer 
serves the object of desalting and concentrating, when the 
nucleic acid in the following step is eluted from the 
anion exchanger at a salt concentration sufficiently high 
to enable nucleic acid adsorption to the silica gel layer. 

For the step of adsorption to the mineral support, 
the following buffer salts in the concentrations indicated 
are possible: 


Salt Concentration 


NaCl 

3 

- 5 

M 

NaC10 4 

5 

- 7 

M 

Gu-HCl 

5 

- 7 

M 

Nal 

3 

- 5 

M 


The treatment with salt solution may be effected 
simply by dropping onto the filter and suction. In a pre- 
ferred embodiment, the silica gel layer is treated with a 
perchlorate solution, pH from 6.5 to 8.5, in particular, 
from pH 7 to 8 . Conveniently, this is done by pipetting 
and suction. Particularly preferred to this end is the use 
of a solution containing from 4 to 8 M of NaC10 4 , from 5 
to 2 0 mM of Tris-HCl, pH from 7 to 8 , and from 0 . 5 to 2 mM 
of EDTA. Following removal of the chaotropic solutions, 
particularly the sodium perchlorate solution, rewashing is 
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effected preferably using ethanol, for example, with 50- 
90% ethanol . 

Once the filters are dried, elution is conducted 
in conventional fashion using a dilute aqueous salt solu- 
tion such as, e.g., described in Anal . Biochem. 101 , 339- 
341 (1980). A preferred eluant is 0.5-2 mM Tris-HCl, pH 
from 7 to 8 , containing from 0.05 to 0.2 mM of EDTA, in 
the following referred to as TE. Further suitable eluants 
are dilute solutions of detergents such as, e.g., 0.1% of 
SDS which, however, are less preferred. 

It was found that apart from silica gel, also 
other mineral supports are suitable for the adsorption of 
the nucleic acid. However, in a preferred embodiment, 
silica gel having a particle size of from 1 to 250 jum, 
preferably from 1 to 50 pm, and more specifically, from 1 
to 5 Aim, is used. The desalting layer may be employed in 
the extraction column as a loosely packed layer sandwiched 
by two PE frits. Another embodiment involves application 
of the mineral supports in the form of a membrane accord- 
ing to EP-0 323 055 (12/07/1988, 3M, Composition Chromato- 
graphic Article) . 

Using the process according to the invention, 
nucleic acids of most various provenance may be separated 
and prepared, irrespective whether the nucleic acids are 
derived from bacteria, cell cultures, blood, tissue, 
urine, viruses, or from amplification reactions such as 
PCR (polymerase chain reaction) , SSSR ( self -sustained 
sequence replication) , ligase chain reaction, and similar 
reactions, or whether labeled nucleic acids, like those 
labeled in biotin, fluorescence-labeled or radioactively 
labeled nucleic acids are concerned. Possible as the 
nucleic acid are nucleic acids within a size range of from 
10 nucleotides to 200,000 nucleotides. Nucleic acids in 
the meaning of the invention are understood to be oligo- 
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nucleotides having from 10 to 100 nucleotides, RNA having 
from 50 to 25,000 nucleotides, plasmid DNA having from 
2,500 to 25,000 base pairs, cosmid DNA having from 5,000 
to 60,000 base pairs, or genomic DNA having from 100 to 
200,000 base pairs. 

The nucleic acid fraction (s) obtained according to 
step d) of the process according to the invention are 
obtained in solutions having low salt load. Thus, subse- 
quent adjustment of buffer conditions required for further 
processing is possible. In a particularly convenient fash- 
ion, the nucleic acid bound to the silica glass is already 
eluted in the buffer designed for further processing. 

The isolated nucleic acids are employed for most 
various applications. Particularly frequently, enzymatic 
reaction is effected using restriction enzymes, polymera- 
ses and ligases for restriction analysis, sequencing, 
labeling with radioactivity or non-radioactive markers 
such as biotin, FITC, digoxigenin, and amplification using 
PCR, SSSR, and ligase chain reaction. 

The process of the invention is particularly suit- 
able for the isolation and preparation of plasmid DNA and 
genomic DNA. 

The Figures illustrate preferred embodiments of 
the device according to the invention, wherein the various 
adsorptive materials for the nucleic acids are combined in 
one device. 

Figure 1 shows a device for operating the process 
according to the invention, consisting of a hollow body 1 
having an inlet opening 7 and an outlet opening 8. Prefer- 
ably, the hollow body consists of polypropylene (PP) , 
polyethylene (PE) , poly (methyl methacrylate) (PMMA) , poly- 
tetraf luoroethylene (PTFE) , poly (ethyl terephthalate) 
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(PET) , or polyacrylonitrile (PAN) . In the hollow body 1, 
between two securing means 5 and 6, a powdered first mate- 
rial of a mineral support material 10 is arranged. In the 
hollow body 1, a second powdered material 11 of a mineral 
support material is placed between the first material 10 
and the outlet opening 8. First and second materials 10, 
11 have different adsorption characteristics for nucleic 
acids. The differences in adsorption characteristics are 
determined by different adsorption behavior in buffers of 
high and low ionic strength, respectively. For instance, 
where nucleic acids are bound by the first material 10 
under conditions of low ionic strength, then the second 
material 11 must be capable of permitting the nucleic 
acids to pass readily under buffer conditions of low ionic 
strength, whereas under conditions of high ionic strength, 
the nucleic acid will be desorbed from the first material 
10 and adsorbed to the second material 11. 

Preferably, the first powdered material 10 con- 
sists of an anion exchanger of surface-modified supports 
on the basis of agarose, dextrans, cellulose, acrylic 
amide, poly(vinyl alcohol), polystyrene, glass, aluminum 
oxide, titanium dioxide, zirconium dioxide, or silica gel, 
particularly, anion exchangers of the type mentioned above 
on the basis of silica gel. The preferably basic ion ex- 
changer has a particle size of from 10 to 40 fj,m f particu- 
larly from 15 to 25 jitm, more specifically from 15 to 
25 jim, and a pore diameter of from 1 to 2,500 nm, prefera- 
bly from 10 to 500 nm, particularly from 200 to 400 nm. 

The second material 11 is a mineral support mate- 
rial, particularly of silica gel/ glass, zeolite, aluminum 
oxide, titanium dioxide, zirconium dioxide, kaolin, diato- 
macae, preferably a silica glass, optionally in the form 
of a silica gel suspension. The second material 11 prefer- 
ably has a particle size of from 1 to 250 fim, particularly 
from 1 to 30 fim, with 1 to 5 fxm being preferred. 


- 13 - 

Preferably, the devices 5 and 6 consist of sin- 
tered glass (frits) or membranes of plastics such as poly- 
ethylene, PTFE, polypropylene, glass, ceramics, Nylon, or 
a non-woven made of polypropylene, polyethylene, Nylon, 
Preferably, the porosity of the devices 5, 6 is from 10 to 
500 jLim. 

Another preferred embodiment of the device of the 
invention is illustrated in Figure 2. Therein, the first 
material 10 and the second material 11 are arranged in the 
hollow body 1 in such way that the materials 10, 11 are 
directly adjacent and namely, in separate layers which 
together are held by the securing means 5 and 6. Prefera- 
bly, the material may be separated by a separating means 
13, said separating means 13 being a porous pane, prefera- 
bly of sintered glass, or a plastic membrane or a tissue, 
preferably of Nylon. 

Figure 3 illustrates another preferred embodiment 
of the device according to the invention, wherein the 
second material 11 is secured in the outlet 18 forming a 
channel, between the securing means 5, .15. The outlet 
opening 18 forming a channel has a smaller cross-section 
than the hollow body 1 and preferably ends in a channel 
18a, the diameter of which being smaller than that of 
channel 18. The first material 10 is placed within the 
lumen of hollow body 1 in the area of the longer diameter 
and is secured by means 6, 16. Here, it may be advanta- 
geous to allow the first and second materials 10, 11 to be 
adjacent, so that they are separated only by a common 
means 17 (see Figure 4) . 

Figure 5 describes another preferred embodiment of 
the device of the invention which, in addition to the 
layers of first and second materials 10, 11, has another 
layer 12 within the hollow body, arranged on top of the 
first material 10. The layer 12 is designed as a mechani- 
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cal filter means. Preferably, the third layer 12 is an 
asymmetrical filter, with the filter pore size decreasing 
in the sample flow direction, i.e., from feed opening 7 to 
outlet opening 8 or 18. Thereby, cell debris in the sample 
may be- removed without the danger of jamming the device. 

In all the embodiments of the device according to 
the invention, the materials 10 and 11 either may be in 
the form of a powder or designed as a molded body. Where 
the materials 10 and 11 are present in the form of parti- 
cles, it may be recommendable to embed them into a sup- 
porting net of inert plastics, so that the layers are 
present in the form of a membrane according to US-PS 
4,810,381 and US-PS 4,699,717 and as proposed in DE 
41 27 276. The supporting net may consist of Teflon. 

Figure 6 describes a further preferred embodiment 
of the device according to the invention, wherein eight 
individual, separate devices according to Figure 2 are 
adjacent to each other, forming a unit of eight. The ad- 
vantage of this embodiment which may be realized with each 
of the individual embodiments described in 1-5, is based 
on the parallel preparation of 8 samples with the aid of 
multichannel pipettes. Similarly, this design may also be 
produced in a 12 times lined-up form, thereby making 96 
samples processable. The great advantage is given in those 
cases where the internationally standardized microtiter 
format is used. 

Figure 7 describes a device containing in a cylin- 
drical hollow body 1 with inlet opening 7 and outlet open- 
ing 8 an anion exchanger material 10 secured between two 
means 6 and 5. Attached thereon is another cylindrical 
hollow body, in the lumen of which various filter layers 
are arranged. The filter layers 20, 21, 22 may consist of 
sintered polyethylene, polypropylene, PTFE, glass, silica 
gel, aluminum oxide or packed diatomaceous earth, e.g., 
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Cellit or silica gel. However, a woven, bonded fleece of 
polypropylene, polyester, glass fiber, and silica is like- 
wise possible. Preferably, the porosity of the single 
layers is from 15 Aim to 500 jLim at a thickness of from 0.1 
to 10 mm. The pore size of the filter layer, as viewed in 
flow direction, decreases from layer to layer. In a typi- 
cal embodiment, the pore size in layer 2 0 is about from 
100 to 300 ism, in layer 21 from 30 to 100 /xm, and in the 
third filter layer from 5 to 30 fjim. 

Figure 8 illustrates a further preferred embodi- 
ment of the device according to Figure 7 , wherein as the 
top filter layer 23 - as viewed in flow direction - a 
hydrophobic layer is inserted. The hydrophobic inter layer 
23 prevents undesirable penetration of the crude cell 
lysate into the filter layer prior to the onset of the 
actual filtration. Preferably, the hydrophobic interlayer 
23 consists of spun or sintered polypropylene, polyethyl- 
ene, polyester or polytetraf luoroethylene (PTFE) fibers, 
with a porosity of from 10 to 500 fim and preferably, a 
thickness of from 0.1 to 5 mm. 

Figure 9 describes a filtration device similar in 
design as those described in Figures 7 and 8, with the 
difference that different filter layers having decreasing 
pore size are combined in a single filter layer 12 of 
continuously decreasing pore size. Preferably, the asym- 
metric filter layer 12 is provided with a hydrophobic 
filter layer 23 at the top end, viewed in flow direction. 
Preferably, the asymmetric filter layer 12 consists of 
spun polypropylene or polyester fibers. Commercially 
available are profiles, for example by Pall Filtertechnik, 
Dreieich, Frankfurt, having porosity gradations of from 
500 to 50 jLtm, from 100 to 10 ^m, from 50 to 5 jLtm, and from 
10 to 0.1 Aim. Preferably, the thickness of the asymmetric 
filter layer should be from 1 to 10 mm. 
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Figure 10 describes filtration devices for the 
separation of nucleic acids in the meaning of the inven- 
tion, where again, the filter configuration of Figure 9 is 
used and wherein the asymmetric filter layer is provided 
with * a -hydrophobic filter layer 23. Instead of the anion 
exchanger 10, there is placed into the hollow body 1 a 
mineral support 11 capable of adsorbing nucleic acids in 
highly concentrated salt solutions. 

Figure 11 describes a configuration in a combina- 
tion of Figures 9 and 10. Here, the device described in 
Figure 2 is merely provided with a filter head consisting 
of an asymmetric filter 12 and a hydrophobic filter layer 
23, such as by inserting an appropriately designed car- 
tridge. 

All the individual devices described in more de- 
tail in Figures 1 to 5 and 7 to 11 may be arranged in a 
microtiter strip consisting of 8 lined-up single devices. 
Once more, this is exemplified in Figures 12 to 14. 

Figure 12 illustrates a filtration device includ- 
ing an anion exchanger, a microtiter strip or a microtiter 
plate having 8 and/or 8 x 12 wells. In the device accord- 
ing to Figure 12, there is placed an asymmetric filtration 
device in an attachable cartridge on top of the cylindri- 
cal hollow body 1 containing a layer of anion exchanger 
secured between means 5 and 6 . 

Figure 13 relates to a filtration device having 
instead of the anion exchanger material a mineral support 
material capable of adsorbing nucleic acids in high salt 
concentrations. Preferably, a silica gel layer 11 is ar- 
ranged between two means 5 and 6 . 

Figure 14 illustrates a combination of the 
arrangement according to Figure 2 and an asymmetric filter 
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layer with a hydrophobic filter layer arranged above hol- 
low body 1 as viewed in sample flow direction. 

The device according to the invention, particular- 
ly the- devices discussed in more detail in Figure 3 or 4, 
are particularly advantageous in that elution of nucleic 
acid from the second material with use of very low amounts 
of liquid is ensured . 

Basically, sample flow through the device accord- 
ing to the invention is induced by gravity; however, in 
order to enhance purification and separation of the 
nucleic acids, elevated pressure may be applied at opening 
7 or reduced pressure at opening 8 or 18, A further pre- 
ferred embodiment of the device according to the invention 
uses as the asymmetric filters those made of sintered 
glass having decreasing pore size or stacked plastic mem- 
branes having decreasing pore size in flow direction of 
the sample through the hollow body. 

Nucleic acids from cells and other sources my be 
obtained without centrif ugation, phenol/chloroform extrac- 
tion and without alcohol precipitation, with the nucleic 
acid being present at the end of the process in concen- 
trated form in water or buffer of low salt concentration 
and thus, is directly usable for subsequent enzymatic 
reactions. Another advantage is that use of costly labora- 
tory equipment can be avoided. For example, elution may be 
induced by gravity and does not have to be carried out by 
means of so-called HPLC devices. 

Preferably, preparation of a silica gel anion 
exchanger/silica gel extraction column is accomplished in 
that a polypropylene vessel is sealed fittingly into a 
commercially available 1.5 ml centrif ugation vessel having 
a 50 /zm bottom polyethylene frit (porous filter layer of 
polyethylene, 1.5 mm thick) and is layered with 50 mg of 
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silica gel (Lichrosphere Si 100, 16-24 fim; Merck, Darm- 
stadt, Germany) . This silica gel layer is sealed with a 
second porous polyethylene frit, and the second frit is 
layered with 100 mg of silica gel anion exchanger (Qiagen, 
Diagen Co.; Dusseldorf > Germany), particle size 16 to 
23 jum, and finally, is sealed with a third porous poly- 
ethylene frit . 

Preferably, preparation of an agarose anion ex- 
changer/silica gel extraction column is accomplished in 
that a polypropylene vessel is sealed at the bottom with 
a 50 ^m polyethylene frit (porous filter layer of PE; 
1.5 mm thick) and is layered with 50 mg of silica gel 
(Lichrosphere Si 100, 16-24 jitm; Merck, Darmstadt, Germa- 
ny) . This silica gel layer is sealed with a second porous 
polyethylene frit, and the second frit is layered with 
0.5 ml of DEAE Sepharose FF (Pharmacia Co., Freiburg, 
Germany) , particle size 45 to 165 jum, and finally, is 
sealed with a third porous polyethylene frit. 

Preferably, preparation of an anion exchanger 
membrane/silica gel membrane extraction column according 
to Figure 3 is accomplished in that into a polypropylene 
vessel on top of a polyethylene frit, there is placed a 
1 mm thick Empore® silica gel membrane (3) (3M Corp., 
St. Paul, MN, U.S.A.) , a 0.2 mm thick polypropylene fleece 
and a 1 mm thick anion exchanger membrane consisting of 
16-23 jim Qiagen anion exchanger particles (Diagen GmbH, 
Dusseldorf, Germany) . 

The preparation of an anion exchanger/silica gel 
microtiter strip extraction column is accomplished as 
described: A microtiter strip having 8 or 96 positions is 
charged with a DEAE silica gel membrane and a silica gel 
membrane. Into a boring of a microtiter strip, there are 
fitted a silica gel membrane 0.75 mm in thickness, pre- 
pared from Sident 9 silica gel particles (Degussa Co. , 
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Frankfurt, Germany), a polypropylene fleece layer 0.2 mm 
in thickness, and an anion exchanger membrane 0.8 mm in 
thickness, prepared from Qiagen, 16-23 /zm (Diagen Co., 
Dusseldorf , Germany) . 

The invention will be further illustrated by the 
following Examples . 

Example 1 

Preparation of Plasmid DNA 

A 100 ml culture in LB ampicillin medium including 
pUC 18-transf ormed HB 101 E^_ coli cells is centrifuged at 
5,000 g for 10 minutes. The cell pellet is resuspended in 
10 ml of 50 mM Tris-HCl, 10 mM EDTA, pH 8.0, and 100 ^.g/ml 
of RNase A. 

For cell lysis, 10 ml of 0.2 M NaOH and 1% SDS are 
added to the cell suspension, mixed carefully, and allowed 
to stand at room temperature for 5 minutes. This is fol- 
lowed by neutralization using 10 ml of 3 M potassium ace- 
tate, 2 M acetic acid, mixing and incubation on ice for 15 
minutes. The lysate is centrifuged at 15,000 g for 30 
minutes, and the supernatant is removed carefully. 1 ml of 
clear cell lysate is pipetted onto a DEAE anion exchang- 
er/silica gel centrif ugation extraction column, and the 
sample is centrifuged through the exchanger layer for 1 
minute at 2,500 g. The extraction column is washed with 
0.8 ml of 1 M NaCl, 15% ethanol, 50 mM MOPS, pH 7.0, and 
15% ethanol, 10 * mM " sodium ■ acetate , pH 7.0, and 0.8 ml of 
1 M NaCl0 4 to remove RNA and proteins. The DNA is eluted 
with 7 M NaC10 4 , 15% ethanol, 10 mM sodium acetate, 
pH 7.0, and thereby, directly bonded to the silica gel 
layer. The extraction column is washed with 0.8 ml of 70% 
ethanol, 100 mM NaCl, 10 mM sodium acetate, pH 7.0, and 
0.8 ml of 90% ethanol/water . Optionally, traces of ethanol 
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are removed by further centrif ligation . Subsequently, the 
DNA is eluted by centrif ugation using 50 /xl of 10 niM Tris- 
HC1, 1 inM EDTA, pH 8.0, and collected in new 1.5 ml tubes. 
The eluted DNA may then be used directly in enzymatic 
reactions such as , e.g., restriction, labeling, sequenc- 
ing, or amplification. 

Example 2 

Parallel Preparation of Plasmid DNA 

8 DEAE silica gel membrane/silica gel extraction 
columns are attached onto a vacuum chamber. 8 x of each 
1 ml of a cell lysate containing plasmid DNA are passed 
through the extraction columns by suction under a vacuum 
(20 to 750 mbars.) . The extraction column is washed with 
0.8 ml of 1 M NaCl, 15% ethanol, 50 mM MOPS, pH 7.0, and 
15% ethanol, 10 mM sodium acetate, pH 7.0, and 0.8 ml of 
1 M NaC10 4 to remove RNA and proteins. The DNA is eluted 
from the anion exchanger layer with 7 M NaC10 4 , 15% etha- 
nol, 10 mM sodium acetate, pH 7.0, and thereby, directly 
bonded to the silica gel layer. The extraction column is 
washed with 0.8 ml of 70% ethanol, 100 mM NaCl, 10 mM 
sodium acetate, pH 7.0, and 0.8 ml of 90% ethanol/water . 
In order to remove the highly concentrated salt solution, 
the sample tubes are washed with 0.8 ml of 70% ethanol, 
100 mM NaCl, 10 mM sodium acetate, pH 7.0, and 0.8 ml of 
90% ethanol/water. The ethanol/H 2 0 residues present in the 
extraction layer are volatilized by sucking through 
ambient air by vacuum for 1-2 minutes. Subsequently, the 
8 ' samples * are eluted ■ with 50 /zl of 1 mM Tris-HCl, 0.1 mM 
EDTA, pH 8.0. 
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Example 3 

Preparation of M13 single Stranded DNA 

*■ To 1* ml- of M13 phage suspension are added 0.5 ml 
of 30% PEG 6000, 1.5 M NaCl, and following incubation on 
ice for 10 minutes, this is centrifuged off for 15 minutes 
at 15,000 g. The phage pellet is resuspended in 0.5 ml of 
0.5 M guanidine-HCl , 1% Triton X-100 and lysed at 70 °C for 
10 minutes. According to Example 3, the phage lysate is 
sucked through an extraction column on a vacuum chamber 
and adsorbed. The extraction column is washed with 1 ml of 
0.75 M NaCl, 15% ethanol, 50 mM MOPS, pH 7 . 0 , 1 ml of 
0.75 M NaC10 4 , 50 mM Tris-HCl, pH 7.0, eluted from the 
anion exchanger layer with 7 M guanidine, 15% ethanol, 
50 mM sodium acetate, pH 7.0, and adsorbed to the Si0 2 
layer. 

Example 4 

Preparation of Genomic DNA from Blood 

To 1 ml of citrate-stabilized human whole blood is 
added 1 ml of saponin for erythrocyte lysis, and immedi- 
ately subsequent to mixing is centrifuged at 2,500 g for 
5 minutes . The leukocytes are resuspended in 1 ml of PBS 
buffer and repelletized . The washed leukocytes are re- 
suspended in 1 ml of 500 mM guanidine-HCl, 50 mM Tris-HCl, 
10 mM EDTA, pH 8.0, and the cells are lysed by adding 
0.1 ml of proteinase K (10 mg/ml) at 50°C for 2 hours. The 
leukocyte* lysate is pipetted immediately onto the aga- 
rose/anion exchanger/silica gel/extraction column and 
washed with 1 ml of 0.25 M NaCl, 10 mM sodium acetate, 
pH 7.0, and 1 ml of 0.25 M NaC10 4 , 10 mM sodium acetate, 
pH 7 . 0 . 1 ml of citrate-stabilized human whole blood is 
sucked through an anion exchanger/silica gel column under 
vacuum. Thereby, the leukocytes are trapped within the 
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matrix, while the substantially smaller erythrocytes 
migrate through the matrix. The extraction column is re- 
washed twice using 1 ml of PBS buffer. The trapped leuko- 
cytes are lysed with 10% Tween 10 at room temperature for 
15 minutes Cell fragments and proteins are washed out 
twice using 1 ml of 1 M guanidine-HCl , pH 7.0, and the DNA 
is eluted from the column with 7 M NaCl0 4 , 50 mM sodium 
acetate , pH 7.0. 

Example 5 

Preparation, Desalting and Concentration of DNA in Micro- 
titer Format 

96 x 1 ml cultures of plasmid pBluescript in XL 1 
Blue coli cells are cultured in 2 x YT medium for 18 
hours at 37 °C in a microtiter plate having 1.5 ml wells 
(Beckmann Co. , Munich) . The cells are pelletized in a 
microtiter centrifuge at 2,500 g for 10 minutes. Using an 
8 channel pipette (Matrix Technologies Co., Lowell, MA, 
U.S.A.) each 0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, 
100 ^g/ml RNAglA are pipetted into the microtiter plate 
wells, and the cells are resuspended on a vibratory shaker 
for 5 minutes. 

The cells are lysed by adding each 0.25 ml of 
0.2 M NaOH, 1% SDS for 5 minutes at room temperature with 
slight shaking. Subsequently, each 0.25 ml of 3 M potassi- 
um acetate, 2 M acetic acid, pH 5.5-6.0 neutralization 
buffer is added, and each well is sealed with a cap and 
mixed: ■Following incubation on ice for 10 minutes, the 
sample is centrifuged at 3,000 g for 30 minutes to pellet- 
ize cell fragments and precipitated SDS. The supernatant 
is removed carefully using an 8 channel pipette and 
pipetted into the 96 microtiter plate having a DEAE silica 
gel membrane and a silica gel membrane. Subsequent to 
transferring all the 96 samples, the samples are sucked 
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through the microtiter plate by applying a vacuum to the 
filtration apparatus. Thereby, the DNA is adsorbed to the 
anion exchanger layer, whereas proteins, RNA and meta- 
bolites are not adsorbed under such conditions. 

The extraction column is washed with 0.8 ml of 1 M 
NaCl, 15% ethanol, 50 mM MOPS, pH 7.0, and with 15% etha- 
nol, 10 mM sodium acetate, pH 7.0, and 0 . 8 . ml of 1 M 
NaCl0 4 to remove RNA and proteins. The DNA is eluted with 
7 M NaC10 4 , 15% ethanol, 10 mM sodium acetate, pH 7.0, and 
thereby, directly bonded to the silica gel layer. The 
extraction column is washed with 0.8 ml of 7 0% ethanol, 
100 mM NaCl, 10 mM sodium acetate, pH 7.0, and 0.8 ml of 
90% ethanol/water . Subsequently, the salt-free DNA in 
concentrated form is eluted from the silica gel layer into 
another microtiter plate using 50 fj.1 of 1 mM Tris-HCl, 
0. 1 mM EDTA, pH 8.0. 

The preparation of cell lysates with the aid of 
centrif ugation is a lengthy and expensive process. Primar- 
ily, limitation is given in cases where many samples have 
to be prepared in routine. Centrif ugation suffers from the 
drawback that it cannot be automatized. 

Another subject matter (and process) of the inven- 
tion is a device and a process for the automatic operation 
of the process without centrif ugation in the form of a 
filtration unit upstream from the actual nucleic acid 
purification. 

Here, the sample is lysed in known manner using 
proteinases, detergents and/or temperature or alkali. This 
crude lysate is directly decanted, transferred or pipetted 
onto the filtration head. The filter layer of the filtra- 
tion head is designed in such way that jamming of the 
filters by cell debris, precipitated proteins or deter- 
gents is avoided. The cell lysate is pressed through the 
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filter , layer with a piston or by elevated pressure or is 
sucked through by applying a vacuum. Thereby, all the 
undissolved components are retained, and the clear lysate 
drips directly onto the adsorption layer. By selecting the 
appropriate, .adsorption conditions the nucleic acid is 
adsorbed to the adsorption layer. The filtration unit 
including the filter cake is detached from the adsorption 
unit and/or discarded and is saved for analysis of the 
filter cake. The adsorption unit is rewashed with suitable 
solvents or buffers to remove undesirable components, and 
eventually, the desired sample is eluted using a suitable 
elution agent. 

According to the process of the invention, for 
example, plasmid DNA may be prepared without clarifying 
centrif ugation in a refrigerated centrifuge. 96 x 1 ml 
cultures of plasmid pBluescript in XL1 Blue E_;_ coli cells 
are cultured in 2 x YT medium for 18 hours at 37 °C in a 
microtiter plate having 1.5 ml wells (Beckmann Co., Mu- 
nich) . The cells are pelletized in a microtiter centrifuge 
at 2,500 g for 10 minutes. 

Using an 8 channel pipette (Matrix Technologies 
Co., Lowell, MA, U.S.A.) each 0.25 ml of 50 mM Tris-HCl, 
10 mM EDTA, 100 /xg/ml RNAglA are pipetted into the micro- 
titer plate wells, and the cells are resuspended on a 
vibratory shaker for 5 minutes. The resuspended cells are 
transferred to the sample reservoir of the filtration 
head, and 0.25 ml of 0.2 M NaOH/1% SDS is added thereto . 
The sample is shaken for 5 minutes on a vibratory shaker 
or is sealed with a stopper or an adhesive film and mixed, 
or is mixed by repeated pipetting up and down. 

Following 5 minutes of incubation at room tempera- 
ture for lysis, 0.25 ml of 3 M potassium acetate and 2 M 
acetic acid are added and mixed according to one of the 
above-described procedures, in order to neutralize NaOH 
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and precipitate SDS. Now, instead of centrif ugation on a 
vacuum chamber, this crude cell lysate is sucked through 
the filtration layer at a vacuum of 10-800 mbars. A filter 
layer 2-10 mm in thickness and having an asymmetric or 
stepwise -porosity in the range of from 200 to 5 fim retains 
the cell fragments and other undissolved or precipitated 
components without jamming. The clear cell lysate contain- 
ing plasmid DNA drips through the filter layer onto the 
adsorption layer (anion exchanger or silica gel) , and the 
DNA is adsorbed, whereas proteins, RNA and other cellular 
metabolites do not bind under the salt conditions given. 
Filtration is completed after about 10-60 s. The filter 
head is detached and is discarded together with the filter 
cake. 

The bound DNA is washed with 1 ml of 1 M NaCl, 15% 
ethanol, 50 mM Tris-HCl, pH 7.0, and twice with 1.5 M 
NaC10 4/ 10 mM sodium acetate, pH 6.5, and is eluted from 
the anion exchanger with 7 M NaC10 4 , 15% ethanol, 50 mM 
Tris-HCl, pH 7.0, and after passing the separation layer, 
under the high salt concentrations is immediately bound to 
the silica gel layer from a Nylon net or a PP fleece. 
Here, at 1-2 M NaCl0 4 , proteins and RNA do not bind to the 
silica gel layer and are washed off. To remove remaining 
traces of proteins, the silica gel layer is washed with 
1 ml of 7 M guanidine-HCl , 10 mM sodium acetate, pH 7.0. 
Conveniently, the high salt solution of 7 M NaC10 4 is 
washed off with 1 ml of 70% EtOH, 100 mM NaCl, 10 mM sodi- 
um acetate, pH 7.0, and 1 ml of 90% ethanol/water or 1 ml 
of 90% acetone/ water ♦ Subsequent to drying, the plasmid 
DNA is eluted free of salt and in concentrated form with 
50 /il of 1 mM Tris-HCl, 0 . 1 mM EDTA, pH 8.5. 

In this fashion, the plasmid DNA may be isolated 
in concentrated form in no time at all, without centrif u- 
gation, phenol/chloroform extraction and without alcoholic 
precipitation, with yields ranging from 50-80%. When using 
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a microtiter plate type such as described, 9 6 plasmid 
minipreps of 1-2 ml of coli cultures may be prepared 
within 60 minutes by a single person, yielding from 1 to 
10 fig of DNA. With hitherto known processes, from 6 to 12 
hours are required. 

Example 6 

Plasmid Miniprep Using a Device According to Figure 7 

A 1.5 ml XL Blue Ej_ coli culture with pUC 18 plas- 
mid DNA in LB medium is centrifuged at 10,000 g for 5 
minutes to pelletize the cells. The cell pellet is re- 
suspended in 0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, 
pH 8.0, 100 /xg/ral of RNase A. For cell lysis, 0.25 ml of 
0.2 M NaOH and 1% SDS are added to the cell suspension, 
mixed carefully, and allowed to stand at room temperature 
for 5 minutes. This is followed by neutralization using 
0.25 ml of 3 M potassium acetate, 2 M acetic acid, mixing 
and incubation on ice for 15 minutes. The lysate is trans- 
ferred to the filtration device according to Figure 7. The 
entire device is attached on top of a vacuum chamber, and 
the cell lysate is sucked through the device at 20- 
800 mbars. Alternatively, the sample may be pressed 
through the filtration layers using a piston or elevated 
pressure. Following filtration, the filtration device is 
detached, and the filter cake, together with cell frag- 
ments, denatured proteins and precipitated SDS, is dis- 
carded. 

The extraction column is washed twice with 0.8 ml 

of 1 M NaCl, 15% ethanol, 50 mM MOPS, pH 7 . 0 , to remove 
RNA and proteins. The DNA is eluted with 1 ml of 1.25 M 
NaCl, 15% ethanol, 50 mM Tris-HCl, pH 8.5. For desalting 
and concentrating, the eluted DNA is precipitated with 
alcohol, and the alcohol pellet is pelletized by centrifu- 
gation. 


Example 7 


Preparation of Plasmid DNA Using a Device According to 
Figure 8 

A 1.5 ml XL Blue E± coli culture with pUC 18 plas- 
mid DNA in LB medium is centrifuged at 10,000 g for 5 
minutes to pelletize the cells. The cell pellet is re- 
suspended in 0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, 
pH 8.0, 100 /xg/ml of RNase A and is transferred to the 
filtration device. For cell lysis, 0.25 ml of 0.2 M NaOH 
and 1% SDS are added to the cell suspension into the fil- 
tration device according to Figure 8, the device is sealed 
with a stopper or an adhesive film, mixed carefully, and 
allowed to stand at room temperature for 5 minutes. This 
is followed by neutralization using 0.25 ml of 3 M potas- 
sium acetate, 2 M acetic acid, mixing and incubation on 
ice for 15 minutes. The entire device is attached on top 
of a vacuum chamber, and the cell lysate is sucked through 
the device at 20-800 mbars. Alternatively, the sample may 
be pressed through the filtration layers using a piston or 
elevated pressure. Following filtration, the filtration 
device is detached, and the filter cake, together with 
cell fragments, denatured proteins and precipitated SDS, 
is discarded. The extraction column is washed twice with 
0.8 ml of 1 M NaCl, 15% ethanol, 50 mM MOPS, pH 7.0, to 
remove RNA and proteins. The DNA is eluted with 1 ml of 
1.25 M NaCl, 15% ethanol, 50 mM Tris-HCl, pH 8.5. For 
desalting and concentrating, the eluted DNA is precipitat- 
ed with alcohol, and the alcohol pellet is pelletized by 
centrif ugation. 
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Example 8 

Preparation of Plasmid DNA at a Silica Gel Layer Using a 
Device According to Figure 10 

A 1.5 ml XL Blue E_j_ coli culture with pUC 18 plas- 
mid DNA in LB medium is centrifuged at 10,000 g for 5 
minutes to pelletize the cells. The cell pellet is re- 
suspended in 0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, 
pH 8.0, 100 /xg/ml of RNase A and is transferred to the 
filtration device. For cell lysis, 0.25 ml of 0.2 M NaOH 
and 1% SDS are added to the cell suspension into the fil- 
tration device, the device is sealed with a stopper or an 
adhesive film, mixed carefully, and allowed to stand at 
room temperature for 5 minutes. This is followed by neu- 
tralization using 0.5 ml of 5.5 M guanidine-HCl , 0.25 M 
potassium acetate, pH 5.5, mixing and incubation on ice 
for 15 minutes. The entire device according to Fig. 10 is 
attached on top of a vacuum chamber, and the cell lysate 
is sucked through the device at 20-800 mbars. Alternative- 
ly, the sample may be pressed through the filtration layer 
using a piston or elevated pressure. Following filtration, 
the filtration device is detached, and the filter cake, 
together with cell fragments, denatured proteins and pre- 
cipitated SDS, is discarded. The extraction column is 
washed twice with 1 ml of 7 M NaC10 4 , 10 mM sodium ace- 
tate, pH 7.0, and is washed with 0 . 8 ml of 90% etha- 
nol/water, and traces of ethanol are sucked through. Even- 
tually, the DNA is eluted with 50 Ml of 10 mM Tris-HCl, 
1 mM EDTA, pH 8.0, and is collected in new 1.5 ml tubes. 

The eluted DNA may be used directly in enzymatic 
reactions such as, e.g. , restriction, labeling, sequenc- 
ing, or amplification. 
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Example 9 

Preparation of 8 x Plasmid DNA in a Microtiter Strip 

8 x 1.5 ml of XL Blue E_;_ coli culture with pUC 18 
plasmid DNA in LB medium is centrifuged at 10,000 g for 5 
minutes to pelletize the cells. The cell pellets are resu- 
spended in 0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, pH 8.0, 
100 /xg/ml of RNase A and are transferred to the device 
according to Figure 14. For cell lysis, 0.25 ml of 0.2 M 
NaOH and 1% SDS are added to the cell suspension into the 
filtration device, the device is sealed with a stopper or 
an adhesive film, mixed carefully, and allowed to stand at 
room temperature for 5 minutes. This is followed by addi- 
tion of 0.25 ml of 3 M potassium acetate, 2 M acetic acid 
for neutralization, mixing and incubation on ice for 15 
minutes. The entire device is attached on top of a vacuum 
chamber, and the cell lysate is sucked through the device 
at 20-800 mbars. Alternatively, the sample may be pressed 
through the filtration layers using elevated pressure. 
Following filtration, the filtration device is detached, 
and the filter cake, together with cell fragments, dena- 
tured proteins and precipitated SDS, is discarded. The 
extraction column is washed with 0.8 ml of 1 M NaCl, 15% 
ethanol, 50 mM MOPS , pH 7.0, and with 0.8 ml of 1 M 
NaC10 4 , 15% ethanol, 10 mM sodium acetate, pH 7.0, to 
remove RNA and proteins. The DNA is eluted from the anion 
exchanger layer 10 using 7 M NaCl0 4 , 15% ethanol, 10 mM 
sodium acetate, pH 7.0, and thereby, directly bonded to 
the silica gel layer 11. The extraction column is washed 
with 0.8 ml of 70% ethanol, 100 mM NaCl, 10 mM sodium 
acetate, pH 7.0, and 0.8 ml of 90% ethanol/water . The 
ethanol/H 2 0 residues present in the extraction layer are 
volatilized by sucking through ambient air by vacuum for 
1-2 minutes. Subsequently, the 8 samples are eluted with 
50 Ml of 1 mM Tris-HCl, 0 . 1 mM EDTA, pH 8.0. 
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Example 10 

Preparation of 8 x 1 ml of M13 DNA Using a Device Accord- 
ing to Figure 13 


To 8x1 ml of M13 phage suspension, there is 
added 0.5 ml of 30% PEG 6000, 1.5 M NaCl, and this is 
incubated on ice for 10 minutes . The samples are trans- 
ferred to a device according to Fig. 13, and the phage 
lysate is directly sucked through a device according to 
Figure 13 on a vacuum chamber and filtrated. The phage 
pellet is lysed by sucking through 7 M guanidine-HCl , 
pH 7.0, and at the same time, the DNA is adsorbed to the 
silica gel layer 11. The extraction column is washed with 
0.8 ml of 70% ethanol, 100 mM NaCl, 10 mM sodium acetate, 
pH 7.0, and with 0,8 ml of 7 0% ethanol, 100 mM NaCl, 
100 mM sodium acetate, pH 7.0, and with 0.8 ml of 90% 
ethanol/water , and air is sucked through for 1-2 minutes. 
Eventually, the DNA is eluted with 50 jjlI of 10 mM Tris- 
HC1, 1 mM EDTA, pH 8.0, and is collected in new 1.5 ml 
tubes . 

The eluted DNA may then be used directly in enzy- 
matic reactions such as, e.g., restriction, labeling, 
sequencing, or amplification. 

Example 11 

Preparation of 8 x 12 Plasmid DNA Using a Device According 
to Figure 14 

96 x 1.5 ml XL Blue E_^ coli cultures with pUC 18 
plasmid DNA in LB medium are centrifuged at 2,500 g for 5 
minutes to pelletize the cells. The cell pellets are re- 
suspended in 0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, 
pH 8.0, 100 jLig/ml of RNase A and are transferred to the 
device and sealed with a stopper or an adhesive film, 


• 
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mixed carefully, and allowed to stand at room temperature 
for 5 minutes. This is followed by neutralization using 
0*25 ml of 3 M potassium acetate, 2 M acetic acid, mixing 
and incubation on ice for 15 minutes. The entire device is 
attached on' top of a vacuum chamber, and the cell lysate 
is sucked through the device at 20-800 mbars. Alternative- 
ly, the sample may be pressed through the filtration lay- 
ers using elevated pressure. Following filtration, the 
filtration device is detached, and the filter cake, to- 
gether with cell fragments, denatured proteins and precip- 
itated SDS, is discarded. The extraction column is washed 
twice with 0.8 ml of 1 M NaCl, 15% ethanol, 50 mM MOPS, 
pH 7.0, and with 0.8 ml of 1 M NaC10 4 , 15% ethanol, 10 mM 
sodium acetate, pH 7.0, to remove RNA and proteins. The 
DNA is eluted from the anion exchanger layer 10 with 7 M 
NaC10 4 , 15% ethanol, 10 mM sodium acetate, pH 7.0, and 
thereby, directly bonded to the silica gel layer 11. The 
extraction column is washed with 0.8 ml of 70% ethanol, 
100 mM NaCl, 10 mM sodium acetate, pH 7.0, and 0.8 ml of 
90% ethanol/water . 

The ethanol/H 2 0 residues present in the extraction 
layer are volatilized by sucking through ambient air by 
vacuum for 1-2 minutes. Subsequently, the 96 samples are 
eluted with each 50 /ul of 1 mM Tris-HCl, 0.1 mM EDTA, 
pH 8.0, and collected in new 1.5 ml tubes. The eluted DNA 
may be used directly in an enzymatic reaction such as, 
e.g., restriction, labeling, sequencing, or amplification. 

Example 12 

Preparation of Plasmid DNA without Conditioning 

A 3 ml culture in LB ampicillin medium including 
pUC 18-transf ormed HB 101 E_;_ coli cells is centrifuged at 
5,000 g for 10 minutes. The cell pellet is resuspended in 
0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, pH 8.0, and 
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100 Mg/ml of RNase A. For cell lysis, 0,25 ml of 0.2 M 
NaOH and 1% SDS are added to the cell suspension, mixed 
carefully, and allowed to stand at room temperature for 
5 minutes. This is followed by neutralization using 
0.25 ml of 3 M- potassium acetate, 2 M acetic acid, mixing 
and incubation on ice for 15 minutes. The lysate is cen- 
trifuged at 10,000 g for 15 minutes, and the supernatant 
is removed carefully. The clear cell lysate is pipetted 
onto a DEAE anion exchanger/extraction column, and the 
sample is sucked through the exchanger layer. The extrac- 
tion column is washed with 0.8 ml of 1 M NaCl, 15% etha- 
nol, 50 mM MOPS, pH 7.0, and 15% ethanol, 10 mM sodium 
acetate, pH 7.0, to remove RNA and proteins. The DNA is 
sucked onto an extraction column having a glass fiber 
membrane, using 7 M NaC10 4 , 15% ethanol, 10 mM sodium 
acetate, pH 7.0. The eluted DNA solution in 7 M NaC10 4 is 
sucked through the glass fiber membrane, and thereby, 
directly bonded to the silica gel layer* The extraction 
column is washed with 0.8 ml of 70% ethanol, 100 mM NaCl, 
10 mM sodium acetate, pH 7.0, and with 0.8 ml of 90% etha- 
nol/water. Optionally, traces of ethanol are removed by 
sucking through ambient air. Finally, the DNA is eluted 
with 10 Ml of 10 mM Tris-HCl, 1 mM EDTA, pH 8.0, and col- 
lected in new 1.5 ml tubes. 

Example 13 

Preparation of Plasmid DNA with Conditioning 

A 3 ml culture in LB ampicillin medium including 
pUC 18 -transformed HB 101 IC^ coli cells is centrifuged at 
5,000 g for 10 minutes. The cell pellet is resuspended in 
0.25 ml of 50 mM Tris-HCl, 10 mM EDTA, pH 8.0, and 
100 jug/ml of RNase A. For cell lysis, 0.25 ml of 1.2 M 
NaOH and 1% SDS are added to the cell suspension, mixed 
carefully, and allowed to stand at room temperature for 
5 minutes. This is followed by neutralization using 
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0.25 ml of 3 M potassium acetate, 2 M acetic acid, mixing 
and incubation on ice for 15 minutes. The lysate is cen- 
trifuged at 10,000 g for 15 minutes, and the supernatant 
is removed carefully. The clear cell lysate is pipetted 
onto - a DEAE anion exchanger/extraction column, and the 
sample is sucked through the exchanger layer. The extrac- 
tion column is washed with 0.8 ml of 1 M NaCl, 15% etha- 
nol, 50 mM MOPS, pH 7 . 0 , to remove RNA and proteins, and 
conditioning is effected using 0.8 ml of 1 M NaC10 4 , 15% 
ethanol, 10 mM sodium acetate, pH 5.0. The DNA is sucked 
onto an extraction column having a glass fiber membrane, 
using 0.7 ml of 7 M NaC10 4 , 15% ethanol, 10 mM sodium 
acetate, pH 7.0. This glass fiber membrane has been condi- 
tioned in advance using 0 . 2 ml of 7 M NaC10 4 , 15% ethanol, 
10 mM sodium acetate, pH 7 . 0 , to achieve better DNA ad- 
sorption and to avoid losses in the first drops. Subse- 
quently, the eluted DNA solution in 7 M NaC10 4 is sucked 
through the glass fiber membrane on a vacuum device and 
thereby, is directly bonded to the silica gel layer. The 
extraction column is washed with 0.8 ml of 70% ethanol, 
100 mM NaCl, 10 mM sodium acetate, pH 7.0, and with 0.8 ml 
of 90% ethanol/water . Optionally, traces of ethanol are 
removed by sucking through ambient air. Finally, the DNA 
is eluted with 100 fj.1 of 10 mM Tris-HCl, 1 mM EDTA, 
pH 8.0, and collected in new 1.5 ml tubes. 

Preconditioning may also be achieved using a mem- 
brane which has been soaked with 7 M NaC10 4 , 15% ethanol, 
10 mM sodium acetate, pH 7.0, and dried. This precondi- 
tioning reduces adsorption losses from 30% to below 5%, 
and the overall yield of DNA increases from 50-60% to 80- 
90%. 


